Background Major behavioural risk factors, namely obesity, alcohol consumption, smoking, lack of fruit and vegetable intake and physical inactivity negatively impact on self-reported quality of life. However, little is known about their impact on preference-based measures of health-related quality of life commonly used to inform economic evaluations. Methods Preference-based health-related quality of life outcomes associated with major behavioural risk factors were estimated using the EuroQol EQ-5D responses of 14 117 participants, aged $16 years, in the 2008 Health Survey for England. Multivariable linear regression was used to model the relationship between the five risk factors and EQ-5D utility scores. In addition, logistic regression was used to model their relationship to dichotomous reports of problems for each of the five EQ-5D dimensions.
INTRODUCTION
The adverse consequences of obesity, 1 excess alcohol consumption, 2 smoking, 3 poor diet 4 and lack of physical activity 5 on health outcomes are well documented. The high prevalence of these health behavioural risk factors at the population level, 6e9 their combined effects on mortality 10 and morbidity 11 12 as well as their potential economic consequences 13 highlight the need for effective interventions targeted at their prevention or alleviation. In developing such interventions, estimates of effectiveness will need to be complemented with economic evaluations to ensure efficient allocation of scarce public health resources.
Costeutility analysis is a form of economic evaluation where health outcomes are commonly measured in quality-adjusted life years. It remains the preferred evaluative approach of regulatory agencies in England and Wales 14 and in other nations. 15 16 Quality-adjusted life years are a product of the gain in life years weighted by the health-related quality of life (HRQoL) of the health states experienced. The HRQoL weights should reflect the relative desirability of the health states under consideration and are often referred to as preference-based HRQoL weights. These preference-based HRQoL weights (or utility scores) are obtained either using a standardised instrument, such as the EuroQoL EQ-5D 17 or the Health Utilities Index, 18 or using a complex scaling technique such as the standard gamble approach or the time trade-off approach. 19 Although previous research has sought to estimate preference-based HRQoL weights (or utility scores) associated with alcohol consumption, cardiometabolic risk factors and obesity, 20e22 no study to date has estimated utility scores for a broad range of health behavioural risk factors in a representative sample of the general population. The aim of this study was, first, to estimate the impact of major health behavioural risk factors, namely obesity, alcohol consumption, smoking, lack of fruit and vegetable intake and physical inactivity, on utility scores in a nationally representative population sample of adults in England, and, second, to investigate how these health behavioural risk factors impact on different aspects of HRQoL. In so doing, these findings may provide a significant new resource to inform the cost-effectiveness of interventions aimed at tackling these major public health concerns.
METHODS

Study population
The Health Survey for England (HSE) is a series of annual surveys of a nationally representative noninstitutionalised population sample of England, of which the 2008 HSE survey was the 18th. 23 The 2008 survey comprised two main components: a core sample of adults aged 16 years or older and a boost sample of children aged 2e15 years. The survey adopted a multistage stratified probability sampling design with the Postcode Address File as the sampling frame. Of the 14 250 households selected, 64% had at least one respondent and a total of 15 102 adults participated in the survey. 23 Of these 15 102 adults, 985 had missing data on EQ-5D utility scores. For this analysis, data for the 14 117 adults aged 16 years or older who participated in the core survey and for whom EQ-5D utility scores were available were used. Further details about the 2008 HSE survey, its sampling procedures and methodology and response rates, are reported elsewhere. 23 
EQ-5D
The 2008 HSE survey used the EuroQol EQ-5D to measure HRQoL. 17 The EQ-5D consists of two principal measurement components. The first is a descriptive system that defines HRQoL in terms of five dimensions: 'mobility', 'self-care', 'usual activities', 'pain/discomfort' and 'anxiety/depression'. 17 Responses in each dimension are divided into three ordinal levels, coded: (1) no problems, (2) some or moderate problems and (3) severe or extreme problems. The second measurement component of the EQ-5D consists of a 20 cm vertical visual analogue scale ranging from 100 (best imaginable health state) to 0 (worst imaginable health state), which provides an indication of the subject's own assessment of their health status on the day of the survey. 17 The adults who participated in the 2008 HSE survey completed the EQ-5D descriptive system only. The potential responses to the descriptive system can theoretically generate 243 (3 5 ) different health states. For the purposes of this investigation, the York A1 tariff was applied to each set of responses to the descriptive system in order to generate an EQ-5D utility score for each subject. 24 The York A1 tariff set has been derived from a survey of the UK population (n¼3337), which used the time trade-off valuation method to estimate utility scores for a subset of 45 EQ-5D health states, with the remainder of the EQ-5D health states subsequently valued through the estimation of a multivariable model. 24 Utility values in the York A1 tariff set range from no problems on any of the five dimensions in the EQ-5D descriptive system (value¼1.0) to severe or extreme problems across all five dimensions (value¼À0.594). 24 Class I and class II obesity categories were combined into one category to ensure adequate numbers, while class III obesity was kept as a separate category to allow for examination of the effects of extreme obesity.
Health behavioural risk factors
Alcohol consumption was categorised in accordance with national guidelines 26 into whether study participants were never-drinkers (reference category), sensible drinkers (#4 units/ day for men or #3 units/day for women), hazardous drinkers (>4 and #8 units/day for men or >3 and #6 units/day for women), harmful drinkers (>8 units/day for men or >6 units/ day for women) or ex-drinkers. Smoking habits were categorised in terms of whether study participants were never-smokers (reference category); light smokers, <10/day; moderate smokers, 10 to <20/day; heavy smokers, 20+ a day; or ex-smokers. Participants were classified as ex-smokers if they reported that they no longer smoked on the day that they were surveyed. Fruit and vegetable consumption was categorised in terms of whether study participants' daily intake was either five or more portions (reference category), three to less than five portions, one to less than three portions or less than one portion, based on current national and international guidelines. 27 28 The 2008 HSE survey used a previously validated questionnaire to measure adults' physical activity during the 4 weeks prior to interview. 23 All physical activities including leisure, occupational and commuting time were measured and weekly average levels derived. The recommended level of physical activity, five episodes of 30 min of moderate physical activity a week, 29 was used as the reference category. and, therefore, were considered potential confounders in multivariable analyses. For income, the annual household income reported by the study participant was used. Annual household income was subsequently deflated and equivalised using the McClements equivalence scale and categorised into quintiles because of the non-linear relationship between income and health often reported in the literature. 30 
Statistical analysis
Multivariable linear regression was used to investigate the relationship between the EQ-5D utility score (dependent variable) and health behavioural risk factors (BMI, alcohol consumption, smoking status, fruit and vegetable intake and physical activity). EQ-5D utility scores usually follow a non-normal distribution, negatively skewed and censored at 1.0 and, therefore, a variety of estimators for health utilities are advocated in the literature. Estimators commonly used include ordinary least squares (OLS), Tobit, 31 Fractional logit (Flogit), 32 censored least absolute deviations 33 and two-part models (2PM). 34 As the median EQ-5D score was censored, the censored least absolute deviations estimator could not be applied to the data. 35 There is no single empirical test to evaluate the performance of these alternative estimators, so an a priori plan was developed based on comparable studies. 36 37 The aim was to investigate whether one estimator provided consistently more accurate estimates. First, the homoscedasticity assumption was examined using the White test. 38 Second, observed utility scores were compared with the estimated scores conditional on the covariates. Third, the mean squared error (MSE) and mean absolute error (MAE) statistics were compared for the entire study population and for subgroups of the study population dependent on their observed utility score. Fourth, the bias in the coefficient estimates were investigated by comparing the differences between observed values and the mean value of the coefficients across 500 bootstrap replications. 39 Finally, the absolute differences between the coefficients derived from each estimator were compared. After selecting a preferred estimator, three regressions on the EQ-5D utility score were performed. The first model was unadjusted, the second adjusted for age and sex as well as for the health behavioural risk factors and the third additionally adjusted for the remaining socio-demographic covariates.
Logistic regressions were also performed in order to investigate and evaluate the impact of the lifestyle characteristics on dichotomous reports of problems (none versus some or severe) for each of the five EQ-5D dimensions. These models controlled for the full set of covariates described for the fully adjusted models for the EQ-5D utility score.
For all analyses, survey weights reported in the 2008 HSE survey were applied to account for the probability of being a responding individual within a responding household. Possible clustering was accounted for within primary sampling units using unique identifiers reported in the 2008 HSE survey to produce HubereWhite sandwich robust variance estimators that allow for within-group dependence. 40 For all covariates, missing values were coded as a separate category. As part of sensitivity analyses, all analyses were repeated in individuals who reported no limiting long-standing illnesses (n¼10 612) and in individuals who reported limiting long-standing illnesses (n¼3485). All analyses were conducted using Stata SE V.11 (StataCorp LP, 2009), and p values <0.05 were regarded as statistically significant and Bonferroni corrected for multiple comparisons.
RESULTS
Of the 14 117 participants for whom EQ-5D utility scores were available, there were complete data on 9551 (67.6%) participants. The characteristics of study participants with and without complete data for all covariates were compared, and significant differences across all socio-demographic variables were found (p<0.05). Consequently, in order to maximise sample size and avoid bias, missing values were coded as a separate category for each covariate. For fruit and vegetable intake, ethnic origin and educational attainment, there were missing data on 1, 9 and 7 participants, respectively; these cases were excluded in the baseline analysis. Sensitivity analyses used multiple imputation methods to handle missing data. The estimated regression coefficients from the multiple imputed data sets (online appendix F) were comparable to the reported results. Table 1 presents descriptive statistics for the EQ-5D utility score by health behavioural risk factor and socio-demographic characteristic. Approximately one-third of the sample had a BMI within the normal range, was a never-drinker, consumed at least five portions of fruit or vegetable per day or exercised regularly, while one-half were never-smokers. Normal BMI, non-smoking, consumption of five or more portions of fruit and vegetables/day and regular exercise were each associated with higher mean unadjusted EQ-5D utility scores. Current drinkers had a higher mean unadjusted EQ-5D utility score than never-drinkers or exdrinkers.
Model diagnostics comparing the different estimators (OLS, Tobit, Flogit and 2PM) are summarised in table 2 and online appendices AeC. For all estimators, the White test rejected the hypothesis of homoscedasticity in the error term (p<0.001). Table 2 presents the observed and predicted EQ-5D utility scores, along with the MSE and MAE statistics for all estimators. A lower MSE and MAE indicate a more efficient model. The MSE and MAE for the 2PM estimator were appreciably higher, and while the OLS estimator predictions did result in some EQ-5D utility scores above 1.0, the MSE and MAE values (0.042, 0.141) were comparable to the Tobit (0.041, 0.147) and Flogit (0.040, 0.140) estimators, even when looking at predictions for selected utility ranges (online appendix A). The median bootstrapped bias in the regression coefficients derived from the Tobit and Flogit estimators were 0.7% and 0.5%, respectively, and lower than for the OLS estimator (4.4%). Although the bootstrapped bias in some regression coefficients is high, as the absolute value is low, the impact on the predicted EQ-5D utility score will be minimal. The median absolute difference in the regression coefficients between the Tobit and Flogit estimates was 34.7%, while the median absolute difference in the regression coefficients between the OLS and Tobit estimates was 21.0% and the OLS and Flogit estimates 38.0% (online appendix B). It was therefore concluded that the OLS, Tobit and Flogit estimators yielded acceptable results with no one estimator clearly superior in terms of performance across empirical tests. In this paper, the results for the OLS estimator are reported. The analogous results for the other estimators are available from the authors upon request. Table 3 summarises the findings for the OLS estimator for each of the three models; young age, male sex and high equivalised income were each significant predictors of an increased EQ-5D utility score (p<0.05), while having no formal educational qualification was independently associated with a reduced EQ-5D utility score (p<0.001). In the fully adjusted model (model 3), obesity, smoking and physical inactivity had negative impacts on EQ-5D utility scores (p<0.001). The largest adjusted reductions were associated with a BMI $40 kg/m 2 , heavy smoking ($20 cigarettes/day) and being physically inactive. Compared with the reference category for each of these factors, the adjusted reductions in EQ-5D utility scores were 0.105 (95% CI 0.072 to 0.137, p<0.001), 0.062 (95% CI 0.042 to 0.082, p<0.001) and 0.142 (95% CI 0.129 to 0.155, p<0.001), respectively. Compared with never drinking, hazardous alcohol consumption was associated with an increase in EQ-5D utility score of 0.019 (95% CI 0.009 to 0.029, p<0.001), while being a former drinker was associated with a decrease of 0.074 (95% CI 0.048 to 0.099, p<0.001). For fruit and vegetable intake, daily consumption between three and less than five portions was associated with a small positive effect on EQ-5D utility scores (p<0.05). Table 4 summarises the findings of the logistic regression analyses for reported problems in each of the five EQ-5D dimensions. Compared with those with normal BMI, participants who were severely obese (BMI $40 kg/m 2 ) had increased odds of reporting some or severe problems with mobility (OR 5.31, 95% CI 3.91 to 7.22, p<0.001), self-care (OR 2.69, 95% CI 1.76 to 4.12, p<0.001), pain (OR 2.58, 95% CI 2.03 to 3.29, p<0.001), usual activities (OR 2.14, 95% CI 1.56 to 2.92, p<0.001) and anxiety/depression (OR 1.59, 95% CI 1.18 to 2.13, p<0.05). Compared with those who had never consumed alcohol, hazardous alcohol drinkers had reduced odds of reporting problems with mobility, self-care or performing their usual activities (p<0.05), while ex-alcohol drinkers had increased odds of reporting problems with anxiety, mobility and self-care (p<0.05). Compared with never-smokers, participants who smoked or who were ex-smokers had increased odds of reporting some or severe problems across each of the five EQ-5D dimensions (p<0.05), with the exception of light and moderate smokers for the self-care dimension. Compared with consuming five portions of fruit and vegetables a day, participants consuming fewer portions had similar odds of reporting problems in each of the five EQ-5D dimensions. Compared with those who were physically active and meeting current recommendations, those who were physically inactive had increased odds of reporting some or severe problems with self-care (OR 11.62, 95% CI 8.08 to 16 Online appendices D and E show the findings of the linear and logistics regressions undertaken for those without limiting longstanding illnesses and for those with limiting long-standing illnesses, respectively. The impact of the health behavioural risk factors on EQ-5D utility scores and the odds of reporting problems in each of the five EQ-5D dimensions were generally smaller in those not reporting limiting long-standing illnesses and higher in those reporting limiting long-standing illnesses. In these subpopulations, the deleterious effects of extreme obesity, smoking and physical inactivity remained.
DISCUSSION
This study examined the independent effects of five major health behavioural risk factors (obesity, alcohol consumption, smoking, lack of fruit and vegetable intake and physical inactivity) on preference-based HRQoL weights (or utility scores) in a nationally representative sample of the English adult general population. As expected, smoking was associated with a significant reduction in EQ-5D utility scores, with increasing levels of smoking associated with increased deleterious effects. The results support previous findings suggesting that in comparison to never smoking, heavy smoking is associated with the greatest deleterious effects and smoking at moderate or light levels Continued having lesser but comparable effects. 12 Compared with continued smoking, cessation of smoking had a positive effect on EQ-5D utility scores. 41 In this study, smokers also reported increased odds of problems across all five EQ-5D dimensions, supporting previous findings that smoking negatively impacts both physical and mental components of HRQoL. 12 Consistent with previous findings, physical inactivity and obesity each negatively impacted on HRQoL outcomes, 11 22 with the greatest effect seen on the physical dimensions of HRQoL. 11 42 Previous research has suggested that individuals who are overweight or obese are less likely to meet recommended levels of physical activity, 43 and therefore, it is notable that physical inactivity has an independent impact on EQ-5D utility scores. It was noteworthy to find that approximately one in four participants were inactive and that this had a stronger independent association with lower EQ-5D utility scores than being obese (BMI 30 to <40 kg/m 2 ) or severely obese (BMI $40 kg/m 2 ). The study found that being overweight (BMI 25 to <30 kg/m 2 ) was not associated with a significant reduction in EQ-5D utility score, while being physically active, but not meeting recommended levels, was. Given that about 65% of study participants did not meet the recommended levels of physical activity, a common finding in national surveys, 43 interventions to promote physical activity, irrespective of the recipients' BMI, are urgently needed. A minimally important difference in EQ-5D utility score has previously been estimated at 0.07 44 ; findings of reductions in EQ-5D utility scores of greater than this for severe obesity (BMI $40 kg/m 2 ) and physical inactivity suggest that the estimated differences are clinically important.
In the study, fruit and vegetable consumption had little impact on EQ-5D utility scores. Previous studies have found that a BMI <30 kg/m 2 , not smoking, consuming moderate levels of alcohol and engaging in regular physical activity are all strong correlates of more frequent fruit and vegetable consumption. 45 46 Therefore, it is possible that the benefits of '5-a-day' could well be closely related to these other health behaviours.
This study found that, in comparison to never drinking, sensible or hazardous alcohol consumption was associated with a positive impact on HRQoL. This finding is generally in keeping with previous research. 47 48 The study found that frequent alcohol consumption of more than 8 units/day (men) or 6 units/day (women), defined by English national guidelines 26 as harmful alcohol consumption, is also associated with a positive impact on HRQoL. The latter finding lies in partial contrast to broader evidence of the health effects of harmful alcohol consumption, 48 49 although this may be explained by a lack of disentanglement of excessive and binge drinking patterns in the present survey. Our findings in this area should be interpreted with caution. First, after adjusting for socio-demographic and health-related confounders, the utility increments were not statistically significant for the sensible and harmful drinking categories. Second, the adjusted increase in EQ-5D utility score for the hazardous category was less than the 0.07 minimally important difference commonly referred to for EQ-5D utility scores. 44 Compared with those who had never drunk alcohol and those who currently drank alcohol, ex-drinkers had significantly lower adjusted EQ-5D utility scores and in excess of the 0.07 minimally important difference. While this association could partly be explained by the 'sick quitter' hypothesis, 50 the relationship persisted when only those without limiting long-standing illnesses were analysed.
The sensitivity analyses (online appendices D and E) did find weaker associations between obesity, smoking, alcohol consumption and physical inactivity and EQ-5D utility scores when only those who did not report limiting long-standing illnesses were included. However, the patterns for reporting some or severe problems across EQ-5D dimensions in this subpopulation often remained. Stronger associations were found between smoking and physical inactivity and EQ-5D utility scores when only those who did report limiting long-standing illnesses were included. Caution must be placed on the use of the EQ-5D utility scores derived from these subpopulations. The survey weights applied to the total study population allowed the sample to more closely reflect a nationally representative population living in noninstitutionalised settings in England. In contrast, there were no survey weights available to apply to these subgroups. This study is not without limitations, many of which are related to the data used. Although this specific HSE survey provided a detailed assessment of health behavioural risk factors, apart from BMI, the measures were self-reported and therefore open to biases as a consequence of potential under-or overreporting. Cotinine levels were measured in about two-thirds of participants and, like previous research, 51 there was good correlation between self-reported cigarette smoking and cotinine levels (Pearson's r¼0.760, p<0.001). The 2008 HSE survey used accelerometry to collect objective measurements of physical activity in approximately 15% of adult participants. As with previous findings, self-reported physical activity was overreported as compared with accelerometer measurements 52 and showed relatively low levels of correlation (Pearson's r¼0.110, p<0.001). Reflecting this in the analysis would have restricted the sample size, and while not doing so is a potential limitation of the findings, interventions tackling physical activity will in the majority be based upon self-reported measures of physical activity. BMI was used as the measure of overweight/obesity; however, waist circumference or waistehip ratio is increasingly being recognised as a more accurate measure of obesity and a stronger predictor of health outcomes than elevated BMI. 53 There was a moderate correlation between BMI and waistehip ratio (Pearson's r¼0.4484, p<0.001), and while both had large amounts of missing data, BMI had fewer. Although a range of estimators was investigated, no one estimator was clearly superior and like previous studies all lacked some efficiency when restricted to those with lower observed EQ-5D utility scores. 54 However, precision was high in those with higher observed EQ-5D utility scores, which accounted for the majority of the sample. The 2008 HSE data set is cross sectional; therefore, the findings cannot establish the temporality of the observed associations, and there is potential for reverse causality. Moreover, the consequences of adaptation to health states impacting on EQ-5D scores cannot be excluded. These factors, along with the well-documented limitations of the EQ-5D in its ability to discriminate between mild health states, 55 have the potential to limit the findings and should be taken into account if the data presented are used to inform economic evaluations.
Despite these limitations, a nationally representative population was used, 36 a nationally derived EQ-5D tariff set determined the EQ-5D utility scores, 36 56 a range of sociodemographic variables were accounted for 22 36 56 reducing the likelihood of residual confounding and an additional set of EQ-5D utility scores in those without and with limiting longstanding illnesses is provided (online appendices E and F). The consistency between the findings and those of comparable studies add credibility to the estimated EQ-5D utility scores. Moreover, the similarity of approaches used to estimate EQ-5D utility scores with published studies 36 56 in other areas of healthcare adds to the growing methodologically consistent catalogues of EQ-5D utility scores that will allow a continuing standardised approach to cost-effectiveness analysis.
SUMMARY
Interventions are urgently needed to tackle major health behavioural risk factors, including obesity, alcohol consumption, smoking, lack of fruit and vegetable intake and physical inactivity, which independently and in combination pose significant burdens on individuals and health services. This study provides a set of EQ-5D utility scores that can inform economic evaluations of interventions aimed at tackling these major public health concerns; however, further research is needed to estimate the longitudinal effects of these concerns on utility scores.
What is already known on this subject < Health behavioural risk factors, namely obesity, alcohol consumption, smoking, lack of fruit and vegetable and physical inactivity, increase the risk of premature mortality and have a negative impact on self-reported quality of life. < Regulatory agencies that provide guidance to policy makers require evidence on the cost-effectiveness of public health interventions. However, data on the impact of these major health behavioural risk factors on preference-based measures of HRQoL are lacking.
What this study adds < The present study provides population-based evidence on the impact of these health behavioural risk factors on preferencebased measures of HRQoL in England. < The data presented here could be used to inform economic evaluations aimed at tackling these major public health concerns.
